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.18.20(L) 




2! (57) Abstract: A displacement sensor (70) for producing an ou^ut showing the displacement of the ground-contact end of a foot 
^ unit (22) with respect to a second joint (18, 20) is provided inside or in the vicinity of an elastic element (382), and a floor reaction 
if^ force acting on a foot unit based on an output from the displacement sensor is calculated by using a model that describes the relation 
between displacement and stress produced at an elastic element according to the displacement of the sensor, whereby it is possible 
^ to calculate a floor reaction force accurately and let a leg-type moving robot (1) walk further more constantly. In addition, dissimilar 
^5 detection means are combined to form 
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a dual system of sensors for an improved reliability in detection. A reliability in detection is further improved by a displacement 
sensor or the like that self-diagnoses whether or not it is deteriorated or abnormal and by temperature compensation without the 
provision of a temperature sensor. 
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. Ll. L2, L3. L4i:. ^tHotommt. A O ^ -o IZfS ^ o 
h= (L 1 +L 2 +L 3 +L 4 ) /4 ...^4a 
0 x= (L 2 - L 4) /d 1 ...5^4b 
0 y = (L 3 - L 1 ) /d 2 . . . 5^ 4 c 

S?;4 a®ftt)*5{^J!JC©5C4 a - 1 , 4 a - 2 (D\,^-frif)^^^^^Xk>Bi\^^f)^ 

h=(LlH-L3)X2 ...^4a-l 
h=(L2+L4)/2 ...^4a-2 

O^fflV^TtT-Po :*-:/-!f-^^^9 0{i. ^2 (^/c{i^2- 1) . ^3 a. 

^3b. S^3c. ^4a, ^4b> ^4 c ^SC. h, 0 x, ^y^A:^. Xn 
Ff bz. Mfbx, Mf by^ffl:^ (Ln(ifg*$n6) irf^. 

J!i(T©#ll|l-CL 1. L2. L3, L 4 *^ ^ F f b z , M f b x. 

t ^ om.^-^ y^i-^iHitoms^iu t—w^"^ ^^^^^ ^ i ® 

® -C\ ^ 0 Jffl b c ^ ii? ® o # t!?^^ b T Pol M^j: V 
^1>T% ^4 a. ^4 b*Jj:0*^4 c (r^'Bfc^?>■t^mm1aL 1 , L2, L3, 
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L4^ftAU h, 9x, Oy^^ib^ EI^©^-r ^U^ffll^s M 2 ©-etl-e'tl 
troV^TFfbz, Mfbx, MFby^^tB-T^o 

}k^^X\ nmiyfzF ih z. Mfbx, Mfbyt> 6 3 4 A-^^tB 

Lfcm^tlO^M^tlMmi-^J^C^F f s z, Mf sx, Mf sytOMFf e 
r r X, Mferrx, M f e r r y 5 (CtJgo-C^&'So 

Fferrz=Ffsz-Ffbz 

Mf e r r x=Mf s x-Mf b x 

Mf er ry=Mf sy-Mfby 

. . . ^ 5 

h2 Qizisi^xmmmmcrt. m^iti oms e crttc, 2ch&®iwi (TO 

2) ©iil:7^{-oV>Tllff^n6o 

b/c75 i:7'FCDt:^y h^WBr-T S C ^Ttf S 1 0 0 X'^^^tl^ t ^ {t&.T 

S 1 0 0 T-ft-^^n-S i:^{iS 1 0 2 (rii<?>.. MF f e r r z 1 ©F z^ 
^{itF r e f z 1 2lJiX\ ^ 2 ®F zl^^^F r e f z 2^mt^l§f)^mmL. # 
^^n-S fc^liS 1 0 4 izm^. f e r r XTi^l^^t^l^ 1 cDMx^^^tMr 
e f X 1 &.±X\ m2(DUxm^mMr e f x 2^m^'^f)-'mmir^o S 1 0 4 
T^-H^^n-St^liS 1 0 6 izm^. mUf err y^^mmiz^ 1 ©My^^ 
IfiMr e f y 1 }^±X. ^ 2 CDMy l^^ffitM r e f y 2 *rilA^S*^*^IBf"r -So 

S 1 0 6 (^-SVMiS 10 2, S 1 0 4CDV^^n*^) "CS^^ n-S i: ^ S 1 
0 8 izm^. ti^y Ym.C^ 1 o-r > U ^ > h SI 1 0 {C3i^> ii^yv 
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• 
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2 3 



s 1 1 o-vn^^n^t^its 1 1 2{C5i^. mu-^y^yi o. e 1111:^3 -tv -9- 

3 4 *JJ:0'Rmi:^?¥'^i*^3 8 2 ( J; < {iR®4:^3mi^ 3 8 2 O^^^j: < 

^^sc-ecDi^^^m^f -So s 1 1 o-es=^^n^i:t{±s i i 2^x^ 

S 1 0 e-tJ-t^^n-S ttl±S l l 4 Cii^. HF f e r r zi}<m30F zm 
^{t F r e f z 3 ^±-V. II 4 CD F z W^^WF r e f z 4 ^ril7&>i?:?&^«©f # 
^^n-S t#{iS 1 1 6 (rji<^. f e r r x7;?<ll#{rMx^ 3 om^mUUr 
e f X 3jK^±T\ ||4©Mx^^{ilMr e f x 4 ^^7!>^S*•^*^J©f■r -So S 1 1 6 
"r=b#^^n'5 t^«S 1 1 8 izm^. mUf err yT&^l^iltC^ 3©My^^ 
<gMr e f y 3 JK-b"e. H 4 CDM y fF^fitM r e f y 4 ^/HT&^Sd^^Jffir^^o 

s 1 1 8-e#^^n'St#{is 1 2 0 izm^. ewi^j-fev-y- 3 Af}^iE'^tmm 
■r^t^iz^ s 1 1 4, s 1 1 6, s 1 1 8 cDi^-rn^^TS^^^n'S ti^iis 1 

BP*.. mfj^^'ti^'ri'^itm'smmmm^^m^m'^mmiHizm^z.tit. ^-fj^ 
'^^tX'it^\:>m^i\^^xofimttsi^fcc t^m:^-r?>o co^-^^. nrtgm^b 

T(i> I^Hli^fi-fe V9-7 0. 6«i;b-tr>-9-3 4*Jj:<:>*R^t^W"&ft:3 8 2 0V^ 

■rn^^C ^:tb#'2.7&^ ^^-t?>-9-7 0(roV^T{iS 1 0 0©49I®f^^'CV^^ t 

^-fi-bv-y-T 0 (citbT 6li{i:^)-i?>lf3 4 {^^t:?^"^^''.!:^ t7&^'i> ^fb 
CT% S 1 1 475>^^S 1 1 8 0<.^^n*^-eS=^$n'2>t^{i> 6il;f3-tr>1^3 4 



wo 03/057421 ^^j^ ^pCT/JP02/13295 

2 4 

■^^7 0 (r53bT*>. s 1 0 ovn^^nxit\f^6i)\ -ecDoi#^'^^S=^'e§/i:i> 
ct^^ih. SI 1 2 (Dm^Mm^^ibtzo 

*/c. S 1 1 Afj^ioS 1 1 8T'^ffl$tl'5l^3*>J:0*l^4®fi=^fit{i. -en^ 
{r J:-^TM^^n'Si1^^iSffl75?^ S 1 0 2 7&^^S 1 0 1 *JJ:CK 

^ m.^mi^y':fy^ryy^mm^^^^itmm(Dm^m^(D^^ y^mmmmo 

ttc^ S 1 0 2 7&^^S 1 0 6*>J:CKS 1 1 47^>^^)S 1 1 8 {::*JV^T. ^^o- 

mmi^^^^isbfzm:M:f^m.tit^hr^^^^o ^fc. s i i Af)^^s i i bts 

T&^MST&^i^J&^^HS'Jf'S J;-5twbTt>^V>o SI 0 2*>^S 1 0 6:ioJ;0* 

s 1 1 4*>^s 1 1 s iz^i^^xM-iumt^mmom^m^^fcfj^ mamt^i^m 

^ 3 (Dmm(Dmmizio\.^x\t±mm\i < . jseits 18,20 2 2 
m(Dmizw.u^titzPim^wm^s s 2cDi^gi5{r^tt^n. jsgitiii 8, 20c 

ai;f3L n(cSo%>TJ£^2 2 (cftffl-^^i^S:^ F f b z (l&ltllii:&|pl{wf^ffl-r S 
, Mfbx, Mfby (g&it$fltcit^-r -SlfiHI !9 ^ > ^^^) * 



wo 03/057421 ^^CT/JP02/13295 

2 5 

^fz. ^mmi 8,2 0 i:^gP2 2®^ifi2^®^1(r. Hf|iBa4?.y Vt^mmiT^ 
l^®7^)^'^>Mgl5 2 2(rftffl-r^l^S:^j^^-rtt}:;^j^^b^ 6lft;b-feyif (^2©)^ 

*^^^ad$n6j^S:f3CS•^'l^T. J;(9 J.#:fi^{C{i^n^cD^F f e r r z. M 
ferrx, Mferr y HSo'V^T^|i-tr >-t^ 7 0 *J J: O' 6 Wc^J -t V 1^ 3 4 

-So i^fzemtj-i^y-^ s a i}<iEn tB^B^^titz t ^ it s m:^'^^ y-^ s 4©m 
tct^ im:h^mw-m^i^=^mSi boo. ^fr^si^^©i^(c*^7-r «s ifm:^ 
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'«t ^ftbT^-T) ^fflV>Tfeav^o HP"^N h s t . esix, esiy=^^B& 

hst=(Xl+X2+X3+X4)/'4 ...^6a 
0stx=(X2-X4)/dl ...steb 
0sty=(X3-Xl)/d2 ...5^6c 

X 1 +X3 -X 2 -X 4 = 0 .... ^7 

-e bT. ^2 (^2-1) > ^3a, ^3b. ^3c. ^4a. ^4b 

, ^4 c. *Jj:c;5C6 a. ^6 b. ^6 c ^SC. (b) tr^-T^n < . :t 

y'^^y<Q 0 It^ h, e x^J:^9 y=^Xtl. h s t, 6> s t X, 6 s i y 
Ffbz, Mfbx. Mi hy^\ii:btir^^T'Jl 

ccDJ^-^. ^MMi)^ 1 -^^^ti^. MMitm^o i^mi'hit. ^2<Dj^oiz 

mj^nit^^^hXl^^^t. d (Xl)/dt :d (X2)/dt :d (X3)/ 

d t : d (X4) xd tcDjt{i. mm^m<Dtmiz^t>ic>'r. mmmiz cmi^&o 

(Ll)/dt :d (L2)/dt :d (L3)/dt :d (L4)/dt©Jt 

mfbLx^^w^i^^^oTib^ emu ^2—1 ^m^^tcm^izit^ ^^^tti 
^x±^Lt^nm^mcfi\,^(DX\ 1180 (b) (Dwi-rm^<Dy<^^mmi^'^^Ji^ 

3 0tll«l^<j:^g|5 2 2 R, L®-5-^. 3Eiai® JS.SI5 2 2 L ©iSMia'Cfe'So 



wo 03/057421 ^||^ ^|CT/JP02/13295 

2 7 



R^t^W-^i^c 3 8 2 ( 3 8 2 a , 3 8 2 b, 3 8 2 c ) J: oTJ^^^n^H^ 
b, 7 0 c ^SSg-T'S J:'5{cU/co 

r^a. ^5cD^^scDJ^s-e{i^^•t?y1^7 ocD{e9iSc^3<ii:-r5i:#^i;:> 1^1 7!?^ 
. mmm-:ijm(Dt!m^ cmmhtzF f b z) b;^)^^i^ (#m) -r:hzt^^x^fi 
(friBbfcF f b z) {iijnx.. 2^@cD^^i-fe>•t^7 o^j^^<iti^(cie^-r^7]c¥ 



wo 03/057421 
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2 8 



. M^llSl 8. 2 0 i:J£^2 2CD^WcDr^(r 4 1ilCDRjt1:^Wtt^ 3 8 2 ^IBg 

8 2cD'€n-e'ncD-tT«-e^^$n^^r^i^> <fc^:i:f*6*)(^{±. R^tJts^i^i^s 

•^(1:3 8 2 ^^-S>»tt^±) {CBSSU <J;oTMBIIIf 1 8, 2 0 jr^-T-SSIfP 2 2 

^1 2|gI{::^t-$0< . ^-(i-trVif 7 0 (i. ^ 1 cD|IM©Bil^Ilil{':/U- h 
t>tCD#m^4^©affi-t?>i^-7 0 1 ^n{::*fl^iHfi^tl/c-/l/- ht^^t:7 0 
2 ^BE-t?>-9-7 0 I tZfU- h^ii^l 0 2CD^{rW^$nT^IE-t y-9-7 0 
1 {cl±::t;^j[iDx.'5^:/U ^^7 0 3*^t>^i:'5o ^BE-t?>-9-7 0 1 (D^^izit^Hi 

{c. m.^-^y-^i Qommu vin^w^wz z 2(DmWitmfi'oxk>^^^o ^ 



wo 03/057421 ^|CT/JP02/13295 

2 9 

??^/&^i^<. ^2'ei2n-^/c:^,^#m^7^>'^^^*^l^T/<:?'^^i^[Ka. Kh^^yh'y 
r^iicD/ir^ti. i&|g{cJ;oT::^#<|gfb-r^o pgm:^3¥tt*i^ 3 8 2 <D^ 

t^goT. ^2®^^'^^-:5^ (Ka, Kb, D) ^MWitl^XWiO _hlBb/c 

ai) cimiiT&^^b'So 

i:"e^l4-b>-9-7 0 C J: j^S:b®m^1f ]g^[^±^-ar^ J: -5 {c b/co 
0^M®J^llC*>^.^-CRjt^^3¥•&^*:3 8 2 ^^14-t?>-9-7 0 ^i: ^'®^'fb^>'5V^{i 
*>^.^T(*. -€rnt{*SlJ{r. $^,(r^N*^^^iS[Ka, K b > b'V ^T^mD^^-T 
[RI^^it7!>^ f> R1t<:^g»f4: 3 8 2 cD^fbnc if ^ J: 0 ItiS^ < S a^Sr^-'S <t ^ 



wo 03/057421 



3 0 



:T/JP02/13295 



i^lfP ^ ^ - ^ ^ i ^' 1^ ^ 1^ ^^^"^^^ ^ "5 ^ ® 

m^^Mm-r^^y^'^--^^. M{^mi^it:^mmmm^iry^^-^< i o or. ^oJ:^'^ 
iiis:r:7'-!f-y<i 0 o{c{i. emti-^y-^s 4®aj:t>®4'®> ^ia:-fe>-9-7 o 

7!)N^fi^^n^> 5^ 3 7:>^^^#t)n^ SII^^F fbz, Mfbx, Mfby(C>^ 
ES-r-SFfsz, Mfsx, M f s y 7;?^A:;(3$n'S 5^4 7:>^^#'?>n'5> 

R^^^W-^i^^S 8 2<^^^-r'S3£Q^t^:7!^-A3 8 l©Ml£:7lx-A5 0 
^^ffi^i^^ C&mmi 8, 2 0(C*ft-§Mia5 2 2 ©^ife«®^<i) h> x^* 

^SttflJjD. m^ai:^Ji:bT|ir^b/c3llIi:^3g5c^3'F f b z^>^y h, Mf b x^^-j 

b, M f b y^^^;/ h^ai:^-r'So 
m:^Jit^^cDfi^£B:*F f b z^N^y Mfbx/N>yh. M f b y^^ >y MitW 



wo 03/057421 ^||^ ^^CT/JP02/13295 

3 1 



mW-^ 1 0 2 (citt>n. ^ci-r 6$ll^:;^•fe>i:^m:tIF fsz, Mfsx, Mfsy 
ij<m^^tLXii^timMmm.F f e T r z, Mferrx, M f e r r y ^ 

{ti^^^<^ /-^mmm^xti^ti^o ttc^ ikmmM^^^'^^^z (t) a: 

, estx, 0 s t yCDft^ffi-e^^m^t^Sigh s t^Ny h, Ostx^^yh 
, 0 s t y^^^y h^^ffi-rSo 

Kb, D) ^gi&lf^U ^n{cS-:5l>T^3*Jj:t>*^4-e^m$n'5lt^#ffi 

{i> A:'3^it7^?^^^^s6t>n'5^:^M^i^z (t) tm:^fiEi^MF f e r r z, Mf 
errx, M f e r r y {rS-:5l^T^^':^^^iScK a , K b J; C>*^> f> r^iJcD 

^CE;:^7'if-^< 1 0 0-eif ^^n^^^'5y-^^fflV^TRM1:^W'^^^:3 8 2 
h 2 6(r*JV>T$iJM^airi:> Mx-li 1 0msec cTt (r^tf ^ tl^o 

V^P3Mt^#'&#:3 8 2-h^^i3--mm-r^o f^. P3^<^#1*i4^3 8 2*^^l^$n/ci: 

i:b^ c:ci-e{i^©:7^r^#MbTfi]ttfr-r^o 
S 2 0 2-C#^^n'5i:^(*S 2 0 4 {Cii^. /n'^^-^^. Bp-^. 

a, Kb ty>^>irmwLD0mm<t^^oo n\it>. ifa°nO. m 

g-rn{^. ^<^rbbTv^'^j:v^t^^©P3^tt^3ftt^*^3 8 2t^m^^x$>^oim:: 



wo 03/057421 
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ftb:^. s 2 0 2 -c^^^n^t^\ts 2 0 8 izm^. ^^r yz/mzmmi' 

D7!>^> S 2 0 6 ^>'SV^{iS 2 0 8 "elS:^^ n/c^^|i!fflF*3(C$) 675)^??7;?^*'J^ b. 

(D[H^^^^^wzm^-t^o 



wo 03/057421 
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3 3 

nwi^o^m^'^t-^^^fctm^ir s 2 2 o©^^!.3il{r*^^.^T«> ^2^-5 

m^^y-^l 0 cDm:b{rS-::5< f^Sltim^fllF f b z/N«y Mf b x/^^y 

iibx^Mit cm-it) -r^oT&^M^bi^o i^. ^tiizmLxuv^ommc^^j^m 
xm^^o 

■r^o ^commit. mm.^w±^H^mt^izn^x^B:^^o 



wo 03/057421 




ICT/JP02/13295 



f ai^b^&^b^^ti-bV'^-? 0 ^ti-trV-tf? 0 ©m:;^)h, dx, 0 y t 6 Itfl 
3 4 cDm:b7&^e>^ffi^n/cf|cS:*F fsz, Mfsx. Mfs y ^^(C 

Mf hyy^y ht 6 l|ii:b-t? ^i?* 3 A (Diii:t}fr^ib^B^tifzm]^:ti t<DmX'$>^m 
K:f3mMmMF ferrz. Mferrx, Mferry t^ib^ |if|B 
*7=;^CD^^*^ ^-i^^iiKa, Kb. D^m^ir?>mft^:ty''^-y<l 0 0 ^m^^ 

^tB-r-St^tc, -etit{il8iJ(cMgP2 2{r^#m#m^?iJffl t/c^t4-t>-9-7 0 

:foJ;^>'6l^:^I-^?>-9- 3 A(D^S<t. $>5i/^{i 6 3 4 ©^^^ie,i^©r■r 
f^d. Ji^U/cS2 1 S(DfSimz^\^yX^ mn^^nWS S 2CD^^•^y-3'Ka 

(Dx\ $><txhwm^fimm^mxh^o 

iSft. ^^mmmtt^yt-zr^-y^i o or. *ji;z>*^iiffliii;£::^:/if-^n o ol^: 

(Dm> Wt>. 2:$:cDl«I (Mgp 2 2) »roi.>T 1 ^cDig)S:f J: -5 
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3 5 



1 0 0 R, 10 0 LCD^§.pfe^/N-5y-:57|l^^©^N-^;«-3^m^1t^^-«^^-:5^ 

H^) AKaR, AKbR, ADRi:. iEUfflii^C^^^'-lf-^-^M 0 0 L 
5y-3^I^^^7^»^^m:^J$n^^^'5^-i^^i^^tcD^M^AKa L, AKb L, 
ADL7&^^^*5;>^-3^*Jiffc^a!^a7'D«/ !7 I 0 A iZXtJ^tl^o 

y<y - ^r^M^t^mzfu y 1 0 4 T'{i. #a}:f3lS®g^ft (a^O 
. 5 i:bT#.*t^*%i: bTl^avO AKa a V e, AKbave, ADave^ 

y Kb^^y D^Ny h ^^:&©iilS:*-:7'if-^< 1 0 0 R. 100 HZlti:h 
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3 6 



mm±m^m I omm in&mm I 0 , 12, 1 4) ^-^brs^^n-s^iit^cD 
mu2^m^^tmz^ BtrfBiaiia5cD^S(cm2©giti5 c&mmi b, 20) 

m^^ommmom^h (Ln) ^^m^rtit^im^bfco 

ty-c. mKDmmommtiifizish^x-mm^^'ty-^. ^OMi^mzit^mm 
^ii:. ckoTi(rfB^2CDiifiisjc^-r^itf^j£Si5©^sb^©^ti«-^m^ti(cmfife 

sag u J: oTiff^^ 2 <Dmmzn-r^m^s^'^(Dmmm(Dm,&:^^m'^mizm 

2 2(D^^{Cieg-r6 J:-5{c:^^b/co 

o 

tfc. HtrlB^^^^ >r7 0 3) CDPII'li^BiriaW'tti*: (RMt^3^'&i=^3 8 
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3 7 

(Dmm i&mmi z, 20) ^ifi'i'xmm^ti^^^2 2=^m^fcm^^W}o^^ 

3 8 1) |rrfBSa5®i^ffi^(C^^$n6ll2(Dm{*: (JSlE^b-AB 0) 

t -em^ ^ n ^ rsii^ ±Mn c i ^ t tss (r hifbI b -riee ^ nr itiKii 2 © 

t-'57^>^S7&^f!ISlJ■r'5^SlJ#^ ^ b 2 6, s 1 2) . ^xwmmm^ 

ge^if^'Siei^Sfr^is (tjiai^jn^y h2 6, s 1 4) ^«x.6iiB<^^b/i 

o 

tfi. mill *jJ;C>'||2cDiimi*:-e^^$n'5^rBTl^tc#'^f* 
PfiJCrairilO. 12. 1 4)^:ft^bT^^^tl^mi5[^©IHlSl5 2^#X.'St 

■mtm^(^^mzm2(Dm^ (smiiii s, 20) ^^bTis^$n'i»M 

U2 2^m^f^MnMWi^^^-j h 1 Cfci^T. 2 (D^^ tmU^%o:>^^ 
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3 8 

f b z mmmm.mizM?si-r^mmoo^-;iy h^^ut b x, Mf b 

^*^^%•r'5^®7&^^l^^iaJBla5tCfPMf 6^S:bF f s X. Mf sx, Mf 

^ <^{r. HtjlB^S:^J»m^^7!>-<#£t}-r§^S:*/F f b z, Mfbx, Mfby 
tmmm2<DmR:f3^lii^Oliitlti>^^m^ti^!^KtsF f s z, Mf sx, M 

S 1 0 0;5l^^S 1 2 2) ^#x.^$D < ^l^bfco 
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3 9 



. i; < ItmF ferrz, Mferrx, Mferr y^^m 1 O0f^^ffl 

\H{zh^-f)^'^-A^mmir^m i omm^m mm^^^y h, Sl02/^>^^sl06 

) fiiaie^©r#ig{is B{riBII*JJ:c>*JtcDi^->^i:< tt>v^-rn;&^*^tfiIBII 

h2 6. S 1 0.87&^^S 1 1 2) $D<^6!cb7to 

^ J;^i^b< (iHF f e r r z, Mferrx, M f e r r y tf^m 2 (Dm^mm 

mz$>^tf^^f}^m&iir^f^2(Dmm^^ mm^^y h2Q, s i i 47&n^s i 
1 8) ff^ge^®f#K{*. frKii*jJ:o'tt;©iP^nj:< t t>i.>-rn7&^5&^itr 

la^ 2 (Dm^mmp^izm^tmm^ti^ t friai^ 2 om^ti^iiimmn t 
m^^m-r^ mm^^y h2 e, S120, S122) ck^c^^i/Z-co 

h 2 6, s 1 0 8) ^m^. mmtfoy h^^ntzmm. iti^y h^so T&^Eff^iii 

m. (Bf^#[Cr e f ) mia^fft-b Hfi^^S:*»^mil*J<tO' 

1 1 Ot&^^S 1 1 2) $B<^^UfCo 

^8*>J;0'||9 0||JgCDj^S{C;iol^T{i. ii^^nc < t 4> jbi*: 2 4 BU^_b#:C 
^ 1 CDHIIfl (liSBlie 1 0 , 12. 1 4) ^:n-UT^«§^n6m^:4s:©IfflIg|5 2^^i 
ff^lHIgpcD5fc^{m2®BilJl (MMfiJfl 8, 2 0) ^^bT^^$ 

n^sgp2 2<£-^;t/cP^^i!io,-}^Ny h 1 (c:fev^T. frKU 2 ©liitj tfrfaj£$i5 
i*:(Df^ig0i^^nj: < t fev^-rn7!?>(rig{j-^>ti. Htjiaii2 cDPtitc^-r-sfrsaMifP© 

^«&^CD^^h (Ln) ^^•tiHtl^^lS'^m^'^y^l 0. fiie^ 2 ©Mtii t 

i^m-t^m^tiF f s z, Mf sx, Mf s y^^-rm:*^fei;s^H:b^mfi 
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